1 



HIGHLY PURE POL YETHERS I L I CONE 

CROSS REFERENCES 
This application claims the benefits of Japanese Patent application 
5 No. 2003-002708 filed on January 9, 2003, Japanese Patent application 
No. 2003-368427 filed on October 29,2003, and Japanese Patent 
application No. 2003-417667 filed on December 16,2003, the contents 
of which are hereby incorporated by reference. 

10 FIELD OF THE INVENTION 

This invention relates to a highly pure polyethersilicone and a 
method for producing the same. The polyethersilicone can be used as 
a solvent for an electrolyte to give an electrolytic solution having 
a high ionic conductivity and also comprises a less amount of impurities 

15 having low flash points. 

DESCRIPTION OF THE PRIOR ART 
A nonaqueous solvent is used in various kinds of batteries . Examples 
of such solvents include ethylene carbonate, propylene carbonate, 

2 0 dimethyl carbonate, and diethyl carbonate. Among these, dimethyl 
carbonate, diethyl carbonate, and propylene carbonate are liquid at 
room temperature. Especially, dimethyl carbonate and diethyl 
carbonate have flash points of so low as 17 degrees C and 46 degrees 
C, respectively, and, therefore, have safety problems. A 

25 polyethersilicone is known as a solvent safer than those carbonates 
with low flash points. For example, Japanese Patent Laid-open No. 
2001-110455 discloses a polyethersilicone which is end-capped with 
a trimethylsilyl group. However, the polyethersilicone needs further 
improvement in an ionic conductivity of an electrolytic solution 

30 comprising the polyethersilicone as a solvent. 
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Thus, an object of the present invention is to provide a 
polyethersilicone that gives an electrolytic solution having a higher 
ionic conductivity and contains a less amount of impurity polyether. 

5 

SUMMARY OF THE INVENTION 
The present inventor has found that a polyethersilicone having 
a specific structure and a purity attains the above object. Thus, 
the present invention is: 
10 a polyethersilicone represented by the following formula (1) , said 

polyethersilicone being modified at an end of a silicone chain thereof , 

A x CH 3 A y 

I.I I 
(CH 3 ) 3-x— S i O (S i O) n S i— (CH. 3 ) 3- y (1) 

I 

CH 3 

wherein A represents a polyether residue, n is an integer of from 
0 to 3 , x is 0 or 1, y is 0 or 1 and l^x+y, characterized in that 

a weight ratio, determined by H-NMR, of a polyether which is not 
15 bonded to a silicone chain of the polyethersilicone to a total of 
the non-bonded polyether and the polyether residue bonded to the 
silicone chain of the polyethersilicone is 8 % or less. 

The preferred embodiments of the above polyethersilicone are as 
follows . 

20 The polyethersilicone described above, wherein at least one A is 

-C a H 2a O(C 2 H 4 0) b R, 

wherein a is 3 or 4, b is an integer of from 1 to 3 , and R is a CH 3 
group or a C 2 H 5 group. 

The polyethersilicone described above, wherein at least one A is 
2 5 -CH 2 CH(CH 3 ) CH 2 0(C 2 H 4 0) c R, 

wherein c is an integer of from 1 to 6, and R is a CH 3 group or a 
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C 2 H 5 group . 

The polyethersilicone described above, wherein the 
polyethersilicone has a viscosity at 25 degrees C of from 1 to 20 
mm 2 /s . 

5 The polyethersilicone described above, wherein the 

polyethersilicone is one prepared by reacting a polyether having a 
methallyl group, a butenyl group or an allyl group at an end thereof 
with a hydrogens ilicone having a hydrosilyl group at least one end 
thereof in the presence of a noble metal catalyst . 

10 

Another aspect of the present invention is a solvent for an 
electrolytic solution, comprising the polyethersilicone described 
above . 

15 Still another aspect of the present invention is a method of 

preparing a polyethersilicone by reacting a polyether having an 
unsaturated bond at an end thereof with a hydrogensilicone in the 
presence of a noble metal catalyst, characterized in that the method 
comprising the steps of: 

20 reacting a polyether represented by the following formula (3) or (4) 
with a hydrogensilicone, 

C a H 2a _ 1 0 (C 2 H 4 0) b R (3) 
wherein a is 3 or 4, b is an integer of from 1 to 3 , and R is a 
CH 3 group or a C 2 H 5 group, 

CH 3 
I 

CH 2 =CCH 2 0 (C 2 H 4 0) C R (4) 

25 

wherein c is an integer of from 1 to 6 , and R is a CH 3 group or a 
C 2 H 5 group, and 
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subjecting the reaction mixture to vacuum distillation, 

to thereby attaina weight ratio, determined by H-NMR, of thepolyether 

which has not been reacted with the hydrogensilicone to the starting 

polyether of 8 % or less. 

5 

The aforesaid present polyethersilicone gives an electrolytic 
solution having a higher conductivity than the conventional 
polyethersilicones . Further, the present polyethersilicone 
contains a little amount of impurities with low flash points, and, 
10 consequently, it is safer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention will be explained in detail below. The present 
polyethersilicone is characterized in that it has a polyether chain 

15 at an end of the silicone chain. It has been found that the present 
polyethersilicone gives an electrolytic solution having a higher 
conductivity than the aforesaid conventional polyethersilicone which 
is end-capped with trimethylsilyl groups and has a polyether side 
chain. The present polyethersilicone may be prepared by reacting 

20 a hydrogendimethylpolysiloxane having a hydrosilyl group on at least 
one end with a polyether having a double bond at one end. Examples 
of the hydrogendimethylpolysiloxane include those represented by the 
following general formula (2) . 

H x CH 3 H y 

i i i 

(CH 3 ) 3_,— S i O (S i O) n S i— (CH 3 ) 3 _ y (2) 

I 

CH 3 

25 

wherein n is an integer of from 0 to 3 , x is 0 or 1, y is 0 or 
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1 and l^x+y. 

Examples of the polyether having a double bond at one end include 
those represented by the following formula (3) . 
5 C a H 2 a _ , O (C 2 H 4 O) b R (3) 

wherein a is 3 or 4, preferably 3, b is an integer of from 1 to 
3, preferably 1 or 2 , and R is a methyl group or an ethyl group. 

More specifically, the following polyethers with low boiling 
10 points are named as examples of the polyether having a double bond 
at one end . 

CH 2 =CHCH 2 O (C 2 H 4 O) CH 3 
CH 2 =CHCH 2 O (C 2 H 4 O) 2 CH 3 
CH 2 =CHCH 2 O (C 2 H 4 O) C 2 H 5 
15 CH 2 =CHCH 2 O (C 2 H 4 O) 2 C 2 H 5 

The reaction of the hydrogendimethylpolysiloxane (2) with the 
polyether (3) may be carried out in the presence a solvent or without 
a solvent. A preferred catalyst is a platinum catalyst derived from 

20 chloroplatinic acid. The reaction is preferably carried out by 
feeding the hydrogendimethylpolysiloxane (2) in a reaction vessel, 
to which a mixture of the catalyst and the polyether (3) having a double 
bond at one end are then added dropwise, or by feeding a mixture of 
the catalyst and the polyether (3) in a reaction vessel, to which the 

25 hydrogendimethylpolysiloxane (2) is then added dropwise . Preferably, 
the reaction is carried out under a nitrogen flow to prevent oxidation 
of the polyether. 

Many of the hydrogendimethylpolysiloxane (2) have boiling points 
3 0 of 10 0 degrees C or lower. Therefore, when adding the 
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hydrogendimethylpolysiloxane (2) dropwise, a temperature in a 
reaction vessel is preferably 100 degrees C or lower to prevent the 
hydrogendimethylpolysiloxane (2) from evaporating . After completing 
the addition, the temperature in the reaction vessel may be raised 
5 to at most 120 degrees C, at which temperature the reaction is continued 
for several hours to complete. 

A molar ratio of the unsaturated bond in the polyether (3) to the 
SiH group in the hydrogendimethylpolysiloxane (2) , hereinafter 

10 referred to as Vi/SiH, may range from 0.5 to 1.2, preferably from 
0.6 to 0.9. Preferably, the reaction is carried out at a ratio of 
smaller than 1 and, then, an excess amount of the 
hydrogendimethylpolysiloxane (2) and unreacted polyether are removed 
by vacuum distillation. The amount of unreacted polyether is thus 

15 minimized to obtain a purer and safer polyethersilicone . 

It has been found that as much as about 15 wt% of the fed polyether 
is not bonded to the hydrogendimethylpolysiloxane (2) if the 
hydrogendimethylpolysiloxane (2) is reacted with a polyether having 

20 a CH 2 =CHCH 2 group in a molar ratio, Vi/SiH, of about 1. A reason for 
this may be that, in the case of an allyl group such as 2-propenyl 
group, a 2, 3 -double bond is converted to a 1,2 -double bond, and the 
1-propenyl group thus formed does not additively react with the 
hydrogendimethylpolysiloxane (2) . Because a polyether having the 

2 5 1-propenyl group at an end has a flash point lower than that of the 
polyethersilicone, the polyether having the 1-propenyl group at an 
end remaining in the polyethersilicone may lower safety of the 
polyethersilicone, which is undesirable. 

30 The present invention solves the above problem by using the polyether 
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represented by the formula (3) wherein a is 3 or 4, preferably 3, 
R is a methyl group or an ethyl group, and b is 3 or smaller, preferably 
1 or 2 . After the reaction, the polyether which has not reacted with 
the polysiloxane can be efficiently removed by vacuum distillation. 
5 As a result, a weight ratio of the unreacted polyether to the starting 
raw material polyether, i.e., a total weight of the non-bonded 
polyether and the polyether residues bonded to the polyethersilicone 
obtained, can be 8% or less, preferably 6 % or less, most preferably 
5 % or less. In the present invention, the weight ratio of unreacted 
10 polyether, which hereinafter may be referred to as a free polyether, 
was determined by H-NMR and capillary gas chromatography of which 
details will be described below. The weight ratio is preferably zero, 
but practically may be about 1 % in industrial scale production, which 
is a detection limit in H-NMR. 

15 

The present polyethersilicone may be prepared also by reacting 
the aforesaid hydrogendimethylpolysiloxane (2) with the polyether 
represented by the following formula (4) . 

CH 3 
I 

CH 2 =CCH 2 0 (C 2 H 4 0) C R (4) 

20 

wherein c is an integer of from 1 to 6 and R is a CH 3 or a C 2 H 5 
group . 

More specif ically, the following polyether with low boiling points 
may be named as examples of the polyether having a double bond at 
25 one end. 
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CH 3 CH 3 

I | 

CH 2 =CCH 2 0 (C 2 H 4 0) CH 3 CH 2 =CCH 2 0 (C 2 H 4 0) 2 CH 3 

C H 3 C H 3 

I I 

CH 2 =CCH 2 0 (C 2 H 4 0) C 2 H 5 CH 2 =CCH 2 0 (C 2 H 4 0) 2 C 2 H 5 



The reaction of the hydrogendimethylpolysiloxane (2) with the 
5 polyether of the formula (4) canbe carried out under similar conditions 
as those employed in the aforesaid reaction of the 
hydrogendimethylpolysiloxane (2) with the polyether of the formula 

(3) . The polyether of the formula (4) wherein c is an integer of 
from 1 to 3 is used preferably in such an amount that the ratio, Vi/SiH, 

10 larger than 1, because unreacted polyether can be easily removed by 
vacuum distillation. 

It has been found that , when the polyether represented by the formula 

(4) is reacted with the hydrogendimethylpolysiloxane (2) in such an 
15 amount that the ratio, Vi/SiH, is about 1, a weight ratio of the unreacted 

polyether to the starting raw material polyether can be 8 % or less, 
preferably 5 % or less, more preferably 4 % or less, most preferably 
the detection limit in capillary gas chromatographic analysis, i.e. , 
about 100 ppm, or less. 

20 

The above polyether of the formula (3) and the polyether of the 
formula (4) can be used alone or in a mixture of (3) and (4) . Preferably, 
the polyether of the formula (4) having a methallyl group at an end 
is used in a more amount than the polyether of the formula (3) . 

25 
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The present polyethersilicone is modified with the polyether at 
a silicone end thereof and has been found to give an electrolytic 
solution having a higher conductivity than the conventional silicone 
having a polyether side-chain. The present polyethersilicone can 
5 be used alone as a solvent for an electrolyte, but preferably in a 
combination with a known solvent such as ethylene carbonate, propylene 
carbonate, dimethyl carbonate, and diethyl carbonate, depending on 
an electrolyte and its solubility, among which ethylene carbonate 
is preferred. 

10 

The present polyethersilicone has a viscosity at 25 degrees C of 
from 1 to 20 mm 2 /s, preferably from 2 to 15 mm 2 /s, more preferably 
from 4 to 10 mm 2 /s. It has been found that a lower viscosity leads 
to a little higher ionic conductivity of an electrolytic solution. 
15 In the present invention, viscosity was measured on apolyethersilicone 
which still contains polyether which could not be removed by vacuum 
distillation . 



2 0 EXAMPLES 

The present invention will be explained with reference to the 
following non-limiting Examples . In the following, the term " Vi/SiH" 
means a molar ratio of an unsaturated group in the polyether to a 
SiH group in the hydrogendimethylpolysiloxane . 

25 

Example 1 

A reaction was carried out at a Vi/SiH ratio of 1/1.2. 
In a flask, 218 g, i.e., 1 mole, of the polyether of the following 
formula (5) and 0.5 g of a 0.5% solution of chloroplatinic acid in 
30 toluene were placed, and heated to 70 degrees C under a nitrogen flow. 
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CH 3 
I 

CH 2 =CCH 2 0 (C 2 H 4 0) 3CH3 (5) 

Then, 178 g, i.e., 1.2 moles, of the pentamethyldisiloxane of the 
formula (6) having a boiling point of 85 degrees C were added dropwise 
at 70 degrees C in 30 minutes. During the addition, the temperature 
in the flask rose to 90 degrees C. Subsequently, the temperature was 
raised to 110 degrees C by heating and the reaction was allowed to 
continue at 110 degrees C for 3 hours. 

C H 3 C H 3 

11 

CH 3 -S i—o—s i— H (6) 

I I 

CH 3 CH 3 

The reaction solution thus obtained was subjected to distillation 
under a vacuumof about 10 mmHg to obtain 340 g of the polyethersilicone 
of the formula (7) , hereinafter referred to as polyethersilicone A, 
was obtained. 

CH 3 CH 3 
I I 

S i-CH 2 CHCH 2 0 (C 2 H 4 0) 3 CH 3 (7) 
I 

CH 3 
Example 2 

A reaction was carried out at a Vi/SiH ratio of 1/0.94. 

In a flask, 218 g, i.e., lmole, of the same polyether of the formula 
(5) as the one used in Example 1 and 0.5 g of a 0.5% solution of 
chloroplatinic acid in toluene were placed, and heated to 70 degrees 
C under a nitrogen flow. 



CH 3 
I 

CH 3 — S i — O — 
I 

CH 3 
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Then, 63 g, i.e., 0.47 mole, of the tetramethyldisiloxane of the 
following formula (8) having a boiling point of 71 degrees C was added 
dropwise at 70 degrees C in 30 minutes. During the addition, the 
temperature in the flask rose to 95 degrees C. Subsequently, the 
5 temperature was raised to 110 degrees C by heating and the reaction 

C H 3 CH 3 

i i 

H— S i — O— S i — H (8) 

I I 

CH 3 CH 3 

was allowed to continue at 110 degrees C for 3 hours. 

The reaction solution thus obtained was subjected to vacuum 
distillation to obtain 260 g of the polyethersilicone of the formula 
10 (9) , hereinafter referred to as polyethersilicone B, was obtained. 



CH 3 CH 3 CH 3 CH 3 

II II 

CH 3 (0C 2 H 4 ) 3 OCH 2 CHCH 2 S i — O— S i CH 2 CHCH 2 0 (C 2 H 4 0) 3 CH 3 

I I 

CH 3 CH 3 

(9) 



Example 3 

A reaction was carried out at a Vi/SiH ratio of 1/1.2. 
15 In a flask, 262 g, i.e., 1 mole, of the polyether of the formula 

(10) and 0.5 g of a 0.5% solution of chloroplatinic acid in toluene 
were placed, and heated to 70 degrees C under a nitrogen flow. 
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CH 3 
I 

CH 2 =CCH 2 0 (C 2 H 4 0) 4CH3 (10) 

Then, 178 g, i.e., 1.2 moles, of the same pentamethyldisiloxane 
of the formula (6) as the one used in Example 1 having a boiling point 
of 85 degrees C were added dropwise at 70 degrees C in 30 minutes. 
5 During the addition, the temperature in the flask rose to 90 degrees 
C. Subsequently, the temperature was raised to 110 degrees C by heating 
and the reaction was allowed to continue at 110 degrees C for 3 hours. 

The reaction solution thus obtained was subjected to vacuum 
10 distillation to obtain 370 g of the polyethersilicone of the formula 
(11) , hereinafter referred to as polyethersilicone C, was obtained. 

CH 3 CH 3 CH 3 

I I I 

CH 3 -S i—o— S i— CH 2 CHCH 2 0 (C 2 H 4 0) 4 CH 3 (1 1) 

I I 
CH 3 CH 3 

Example 4 

15 A reaction was carried out at a Vi/SiH ratio of 1/0.8. 

In a flask, 174 g, i.e. , 1 mole, of the polyether of the following 
formula (12) and 0.5 g of a 0.5% solution of chloroplatinic acid in 
toluene were placed, and heated to 70 degrees C under a nitrogen flow. 

CH 3 
I 

CH 2 =CCH 2 0 (C 2 H 4 0) 2 CH 3 (12) 

20 Then, 54 g, i.e., 0.4 mole, of the same tetramethyldisiloxane of 
the formula (8) as the one used in Example 2 having a boiling point 
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of 71 degrees C was added dropwise at 70 degrees C in 30 minutes. 
During the addition, the temperature in the flask rose to 100 degrees 
C . Subsequently, the temperature was raised to 110 degrees C by heating 
and the reaction was allowed to continue at 110 degrees C for 3 hours. 

The reaction solution thus obtained was subjected to vacuum 
distillation to obtain 180 g of polyethersilicone of the following 
formula (13) , hereinafter referred to as polyethersilicone D, was 
obtained. 

CH 3 CH 3 CH 3 CH 3 

II II 

CH 3 (OC 2 H 4 ) 2 OCH 2 CHCH 2 S i-O-S i CH 2 CHCH 2 0 (C 2 H 4 0) 2 CH 3 

/ I 

CH 3 CH 3 

(13) 

Example 5 

A reaction was carried out at a Vi/SiH ratio of 1/0.8. 
In a flask, 160 g, i.e. , 1 mole, of the polyether of the following 
formula (14) and 0.5 g of a 0.5% solution of chloroplatinic acid in 
toluene were placed, and heated to 70 degrees C under a nitrogen flow. 

CH 2 = CHCH 2 0 (C 2 H 4 0) 2 CH 3 (14) 

Then, 54 g, i.e., 0.4 mole, of the same tetramethyldisiloxane of 
2 0 the formula (8) as the one used in Example 2 having a boiling point 
of 71 degrees C was added dropwise at 70 degrees C in 30 minutes. 
During the addition, the temperature in the flask rose to 100 degrees 
C . Subsequently, the temperature was raised to 110 degrees C by heating 
and the reaction was allowed to continue at 110 degrees C for 3 hours. 



25 
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The reaction solution thus obtained was subjected to vacuum 
distillation to obtain 160 g of polyethersilicone of the following 
formula (15) , hereinafter referred to as polyethersilicone E, was 
obtained. 

5 

C H 3 C H 3 
I I 

CH 3 (0C 2 H 4 ) 2 OCH 2 CH 2 CH 2 S i-O-S iCH 2 CH 2 CH 2 0 (C 2 H 4 0) 2 CH 3 

I I 
CH 3 CH 3 

(15) 

Referential Example 1 

A reaction was carried out at a Vi/SiH ratio of 1/0.94 and, then, 
further about 0.1 mole of the polyether was added. 

In a flask, 204 g, i.e., 1 mole, of the polyether of the following 
10 formula (16) and 0.5 g of a 0.5% solution of chloroplatinic acid in 
toluene were placed, and heated to 70 degrees C under a nitrogen flow. 

CH 2 = CHCH 2 0 (C 2 H 4 0) 4 CH 3 (16) 

Then, 63 g, i.e., 0.47 mole, of the tetramethyldisiloxane of the 
15 formula (8) as used in Example 2 having a boiling point of 71 degrees 
C were added dropwise at 70 degrees C in 3 0 minutes . During the addition, 
the temperature in the flask rose to 95 degrees C. Subsequently, the 
temperature was raised to 110 degrees C by heating. After the reaction 
was allowed to continue at 110 degrees C for 3 hours, 19 g of the 
20 aforesaid polyether were added, and the reaction was allowed to 
continue at 110 degrees C for another 3 hours. 

The reaction solution thus obtained was subjected to vacuum 
distillation to obtain 260 g of the polyethersilicone of the following 
25 formula (17) , hereinafter referred to as polyethersilicone F, was 
obtained. 
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C H 3 C H 3 

i i 

CH 3 (OC 2 H 4 ) 4 OCH 2 CH 2 CH,S i -O -S i CH 2 CH 2 CH 2 0 (C 2 H 4 0) 4 CH- 

I I 
CH 3 CH 3 

(1 7) 



Comparative Example 1 

A reaction was carried out at a Vi/SiH ratio of 1/1.2. 
5 The procedures in Example 1 were repeated except that 266 g, i.e. , 
1.2 moles, of the heptamethyltrisiloxane of the following formula 
(18) having a boiling point of 141 degrees C was used instead of the 
pentamethyldisiloxane used in Example 1. Obtained were 420 g of the 
polyethersilicone of the following formula (19) , hereinafter referred 
10 to as polyethersilicone G. 



CH 3 H CH 3 

I I I 

CH 3 — S i — O — S i — O— S i— CH 3 (18) 

I I I 



CH 3 CH 3 CH 3 



CH. 
I 



CH 3 
I 

CH 2 CHCH 2 0 (C 2 H 4 0) 3 CH 3 
CH 3 



CH 3 — S i — O — S i — O—S i— CH 3 
I I I 



(1 9) 



CH. 



CH. 



CH. 
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Comparative Example 2 

A reaction was carried out at a Vi/SiH ratio of 1/1.2. 

The procedures in Example 3 were repeated except that 266 g, i.e. , 
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1.2 moles, of the heptamethyltrisiloxane of the following formula 
(18) having a boiling point of 141 degrees C as used in Comparative 
Example 1 was used instead of the pentamethyldisiloxane used in Example 
3 . Obtained were 450 g of the polyethersilicone of the following 
5 formula (20) , hereinafter referred to as polyethersilicone H, was 
obtained. 



CH. 



CH 3 
I 

CH 2 CHCH 2 0 (C 2 H 4 0) 4 CH 3 



CH 3 
I 



CH,- S i — O — S i — O—S i— CH. 



(2 0) 



CH 



CH. 



CH. 



10 



Table 1 shows several properties of the polyethersilicone prepared 
in the Examples, Referential Example and Comparative Examples. 



Tablel Properties of the Polyethersilicone 



Polyether- 
si 1 icone 


Viscosity 

(2 5t) 


Refractive 
Index . 

C2 5T) 


Vo 1 at i 1 es * 2 

(1 0 5tX 3Hr) 


Free 

Polyether* 3 


A 


4. 


9 


1 


. 4 2 9 8 


2. 


2% 


5% 


B 


9. 


7 


1 


. 4 4 4 1 


3. 


0% 


6% 


C 


7. 


2 


1 


.4 3 3 0 


2. 


2% 


4% 


D 


8. 


7 


1 


. 4 4 2 0 


0. 


2% 


0% 


E 


8. 


2 


1 


. 4 4 2 5 


0. 


1% 


0% 


F * 1 


9. 


4 


1 


.4 2 9 8 


8 . 


9% 


1 5% 


G 


6. 


3 


1 


.4 2 8 5 


1 . 


9% 


5% 


H 


9. 


5 


1 


. 4 3 0 5 


2. 


2% 


6% 
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*1 A nearly proportional relation between the amounts of the free 
polyether and the volatiles was observed. The larger amount of 
volatiles in the polyethersilicone F is due to the larger amount of 
5 free polyether. 

*2 An amount of volatiles was measured by precisely weighing 2 g 
of the obtained polyethersilicone in a 50 ml beaker, keeping the beaker 
at 105 degrees C for 3 hours in a hot-air circulating dryer, and weighing 
it after cooled to room temperature. A percentage of the decrease 
10 in weight was calculated. 

*3 An amount of the free polyether was calculated from an intensity 
of 1 H-NMR signals from protons bonded to an unsaturated bond in a 
1 H-NMR spectrum of the obtained polyethersilicone . In Table 1, "0 %" 
for the free polyether means that the amount of the free polyether 
15 was below the detection limit in 1 H-2STMR . These with "0 %" were analyzed 
further by capillary gas chromatography with a FID detector. It was 
found that the free polyether were below the detection limit for the 
free polyether in capillary gas chromatography, i.e. , about 100 ppm. 

20 Example 6 

Ethylene carbonate (EC) and each of the polyethersilicones A to E, 
G, andH, prepared in the aforesaid Examples and Comparative Examples, 
were mixed in a volume ratio of 5:5 or 8:2 as shown in the following 
Table 2. In 1 litter of the mixed liquid obtained, 152 g, i.e., 1 
25 mole, of LiPF 6 was dissolved to prepare an electrolytic solution. 
Using a conductometer , an ionic conductivity (mS/cm) at 20 degrees 
C of the electrolytic solution was measured. The results are as seen 
in Table 2 . 



30 
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Table 2 



No 


EC 


Pol yethersi 1 icone 


Ionic 




A 


B 


C 


D 


E 


G 


H 


Conduct i v i ty 


1 


5 


5 














4. 3 


2 


5 


— 


5 












4. 2 


3 


5 






5 










4. 2 


4 


5 








5 








4. 3 


5 


5 










5 






4. 3 


6 


5 












5 




3. 8 


7 


5 














5 


3. 9 


8 


8 


2 














6. 8 


9 


8 




2 












6. 5 


1 0 


8 






2 










6. 7 


1 1 


8 








2 








6. 9 


1 2 


8 










2 






7. 0 


1 3 


8 












2 




6. 0 


1 4 


8 














2 


6. 1 



INDUSTRIAL APPLICABILITY 
As can be seen from Table 2, the present polyethersilicone gives 
an electrolytic solution which is more conductive than the conventional 
polyethersilicone. The present polyethersilicone is safer because 
it contains less polyether impurities having low flash points . 



